Using the concept of 3-Lie bialgebra; we construct the Bagger-Lambert-Gustavson (BLG) model on the Manin triple D of the especial 3-Lie bialgebra (D, AG, A
Introduction
Bagger-Lambert-Gustavsson (BLG) theory is one of the exciting works of the three-dimensional superconformal field theories that is written as an action for multiple M2-branes [1, 2] . It has N = 8 supersymmetries and SO (8) global symmetry [3] . The main difference of this model with the others is the utilization of 3-Lie algebra inspired by Basu-Harvey work [4] (see also Ref. [5] ). BLG theory has two defects, i) it only describes two M2-branes [6] and ii) there is only one example for it as A 4 [3] , which have been removed by decreasing the number of supersymmetry to N = 6 [7] and considering Lorentzian metric [8] , respectively.
Study of BPS equations has a very important role in M-theory and string theory [9] [10] [11] . One can consider these equations as generalizations of Basu-Harvey equation [4] and determine the configuration of the M2-M5 bound states with half of the supersymmetries in BLG model [12] . The BPS conditions for the D2-D4 configuration are described by Nahm equation [13] . M2-M5 bound states in M-theory are completely related to the bound states in string theory for D2-D4 hence the BPS equations in the BLG theory must be closely related to the Nahm equation [14] as the relation between D2-brane to M2-brane [15] . It is possible to obtain Nahm equation from Basu-Harvey equation of the Lorentzian BLG theory [16] but the inverse is impossible. However, it seems that for the special examples, the inverse is possible by employing the 3-Lie bialgebra, the Lie bialgebra and one to one correspondence between them.
Information about BLG theory can be increased by more studies in 3-Lie algebras. In this respect, identification of 3-Lie bialgebras would help us as follows [17] . According to algebraic work in Ref. [17] without any role for geometry, it is easy to obtain a reciprocating relation, that has an important and applicable role in M-theory.
An outline of the paper is as follows. In section 2, using the definition of 3-Lie bialgebra given in Ref. [17] , we have considered an especial example and shown that there is a correspondence between this 3-Lie bialgebra and Lie bialgebra. In section 3, we have constructed a BLG model on the Manin triple of this especial 3-Lie bialgebra and obtained Basu-Harvey equation from it and shown that the Nahm equation can be obtained from it and vice versa.
3-Lie bialgebra
By remembering the definition of Lie bialgebra [18] (see for a review Refs. [19] [20] [21] [22] ) we give a short review of the definition of 3-Lie bialgebra [17] .
Definition: [17] 3-Lie algebra A with the co commutator map δ : A → A ⊗ A ⊗ A is a 3-Lie bialgebra if: a ) δ is a 1-cocycle of A with value in ⊗ 3 A, i.e:
where
{T a }s are bases of 3-Lie algebra A and ad
such that it satisfies the fundamental identity. In the above relation {T a } and ( , ) are the basis for the dual space A * and natural pairing between A and A * , respectively. In this way A * constructs a 3-Lie algebra. The 3-Lie bialgebra can be shown either by (A, A * ) or (A, δ). 
Using relations (1), as the fundamental identity, Eq. (3) and δ(T a ) =f
, the fundamental and mix fundamental identities for the 3-Lie bialgebra (A, A * ) can be obtained in terms of structure constant (of A and A * ) f abc d andf abc d as follows [17] :
An example
Now, we will consider an especial example of 3-Lie bialgebra which is constructed of a 3-Lie algebra A G in relation to Lie algebra G. The 3-Lie algebra A G (mentioned in [8] for the first time) has commutation relations as follows:
where {T i }s are the basis of the Lie algebra
.., dimG) and f ij k is its structure constant 2 . Furthermore, T − and T + are new generators and we have a = +, −, i. Now we propose that there exists a 3-Lie algebra structure on A * G * with similar commutation relations:
is a 3-Lie bialgebra and the structure constants f abc d andf abc d (details of which are given in the following) satisfy the relation (6) if and only if (G, G * ) is Lie bialgebra, i.e. G * is a dual Lie algebra of the Lie algebra G , i.e., their structure constants f ij k andf ij k satisfy the following Jacobi and mixed Jacobi identities [18, 20] 
Proof: By expanding the indices g = i, +, − in two sides of the relation (6) and using the following equalities:
and by taking , a 
From Basu-Harvey to Nahm equation
In the previous section, we constructed and showed the existence of a one to one correspondence between the special 3-Lie bialgebra and Lie bialgebra. In other words, a special example of 3-Lie bialgebra can be constructed by Lie bialgebra. As is well known, Bagger, Lambert and Gustavsson [1] [2] [3] have used 3-Lie algebra instead of Lie algebra for describing multiple M2-branes. In our method, we should construct the BLG theory on the Manin triple D, i.e., we use 3-Lie bialgebra for describing multiple M2-brane. Note that the symbol F ABC D in the Manin triple D apply for the structure constants. In this case, the Manin triple is a (4 + 2dimG) dimensional 3-Lie algebra with the {T A } as basis of it with A = i,
T ++dimG+2 = T+ and following commutation relations:
As a first step, consider the following supersymmetric transformation [1] [2] [3] :
where (Â ν ) 
Evaluation of the supersymmetric boundary condition results in the supercurrent which has been obtained previously as follows [23] :
Setting to zero normal component of the boundary of the supercurrent preserves maximum supersymmetric boundary condition [12] . Assuming the x 2 direction as the boundary, leads to vanishing J 2 for remaining maximal unbroken supersymmetry and we will have the following relation:
In order to solve this equation, one should note the presence of M2-brane which breaks the Lorentz invariance of M-theory from SO(1, 10) to SO(1, 2) × SO (8) and half of supersymmetry [12] . In this way, SO(1, 10) breaks to SO(1, 2)×SO(8) → SO(1, 1)×SO (4)×SO (4) where SO(1, 1) is world sheet of string, one of SO (4) as transverse space for M5-brane and the other as transverse space for both of M2-brane and M5-brane 3 . The scalar fields X I are decomposed as X V = {X 3 , X 4 , X 5 , X 6 } corresponding to SO(4) symmetry and Y P = {X 7 , X 8 , X 9 , X 10 } corresponding to the other SO(4) symmetry, subsequently the equation (17) turns into the following form [12] :
where Γ 2 Ψ A =Ψ A andμ = 0, 1, also the terms ordered in each line in terms of their Lorentzian structures and preserving SO(1, 1) × SO(4) × SO(4) symmetry vanishes separately. In order to solve the equations, the type of boundary condition (the Dirichlet or Neumann condition) must be specified. Assuming half of the scalars to obey Dirichlet conditions 4 DμY P = 0, Y P = 0 is obtained as the simplest solution for these conditions and after substituting this solution in (18) we have the following relations:
For solving these equations suppose 
which for the scalar fields X V is the Basu-Harvey type equations:
we expande it as follows:
where we have used i, j, k for representation of bases of Lie bialgebra D G . Using relation (13) , one can add up relations (24)-(27) to obtain the following relation:
Let us consider the Nahm equation as a boundary condition for a system of D2-branes ending on D4-brane which is related to the Lie bialgebra representation as follows:
where F AB C is the structure constant of D G (the Drinfeld double of Lie algebra G) [20] and A, B, C = i,ĩ. As it has been done by the algebraic structure in this work, it can be done inversely, i.e., by this method, one can obtain the Nahm equation from the Basu-Harvey equation and vice versa.
The Basu-Harvey and Nahm equations can be considered as BPS bounds for M2-brane and D1-string, respectively. It would be possible to state a reciprocate relation between these equations as BPS bounds identified in 3-Lie bialgebra, i.e., we want to reach from BPS bound for M2-brane to BPS bound for D1-string and vice versa. BPS bound is a result of vanishing supersymmetric transformations of gauge and fermion fields that we obtained it for M2-branes ending M5-brane by using BLG Lagrangian and showed that the result was similar bound for D1-string ending D3-brane. The BLG Lagrangian (15) regardless of the fermion piece can be rewritten as [24] :
and the equivalent indication for the energy can be obtained as follows:
Conclusions
Using the concept of 3-Lie bialgebra, studied in arXiv:1604.04475, we have obtained Nahm equation from BasuHarvey equation by studying the boundary condition of BLG model, the Manin triple D of 3-Lie bialgebra (D, A G , A * G * ). In this manner, it seems that the concept of 3-Lie bialgebra is a good idea. One can consider the BLG model on D 3-Lie algebra and can obtain the N = (4, 4) WZW like a model on Lie bialgebra (G, G * ) using the correspondence of 3-Lie bialgebra (A G , A * G * ) with Lie bialgebra v and vice versa, i.e. (D2 ↔ M2). Another problem is the investigation of the N = 6 BL model where is the superconformal model [7] using 3-Leibniz bialgebra [17] and studying the boundary condition.
